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© Epitaxial growth process and growing apparatus. 



© A process of epitaxially growing a semiconduc- 
tor Si, Ge or SiGe single crystal layer on a semicon- 
ductor (Si or Ge) single crystal substrate, comprising 
the steps of: allowing a raw material gas (e.g., Si 2 H6 
, GehU) for the layer and a fluoride gas (e.g., Si2F 6 , 
GeF* , BF) of at least one element selected from the 
group consisting of the semiconductor element of 
the layer and a dopant for the layer to simulta- 
neously flow over the substrate; and applying an 
ultraviolet light to the substrate to decompose the 
gases by an ultraviolet light excitation reaction to 
deposit the layer on the surface of the substrate 
heated at a temperature of from 250 to 400* C. 

Prior to the epitaxial growth of the semiconduc- 
tor layer, the substrate is cleaned by allowing the 

3 fluoride gas to flow over the substrate having a 
temperature of from a room temperature to 500* C, 
t— and by irradiating an ultraviolet light to the substrate 

UJto remove a natural oxide layer from the substrate 
CO 

00 
CO 

to 



surface. 



Xerox Copy Centre 



1SDOCID: <EP 0368651 A2 I > 



1 



EP 0 368 651 A2 



2 



EPITAXIAL GROWTH PROCESS AND GROWING APPARATUS 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present Invention relates to an epitaxial 
growing of a semiconductor single crystal layer, 
and more particularly, to a process of forming an 
epitaxially grown layer on a single crystal silicon 
substrate by photo-decomposing a gas raw ma- 
terial with an irradiation of ultraviolet laser light or 
lamp light, and an apparatus for carrying out the 
process. The present invention is applied to an 
epitaxial growth of a silicon (Si), germanium (Ge) or 
silicon-germanium (SiGe) single crystal layer (thin 
film). 



2. Description of the Related Art 

In a production of semiconductor devices such 
as bipolar transistors and MOS field effect transis- 
tors (FETs) t an epitaxial growth temperature must 
be lowered when growing a single crystal epitaxial 
layer of Si, Ge or SiGe, to avoid the generation of 
lattice defects, and variations in the impurity diffu- 
sion profile in a single crystal (e.g., Si) substrate 
(waf r), to enable the miniaturization of a semicon- 
ductor device, such as a very-large-scale integra- 
tion (VLSI) device. 

Recently, instead of a thermal decomposition 
(hydrogen reduction) process having a growing 
temperature of 950 " C or more, a photo CVD pro- 
cess using a photoexciting reaction has been pro- 
posed for an expitaxial growth at a temperature 
lower than the above-mentioned CVD processes. In 
this case, the epitaxial growth of, e.g.. Si. is per- 
formed at a temperature of from 600 to 900* C. 
The photo CVD process however, requires a high 
temperature annealing treatment (at 900 *C or 
more) in an ultrahigh vacuum or a hydrogen at- 
mosphere, for removing (cleaning) a natural oxide 
layer formed on the substrate surface prior to the 
epitaxial growth, and requires an addition of hy- 
drogen gas to prevent the formation of an oxide 
layer during the epitaxial growth. 

When the high temperature annealing treat- 
ment for removing the natural oxide layer is applied 
to a substrate in which impurity doped (diffused) 
regions have been formed, the regions i.e., diffu- 
sion profiles) are undesirably expanded. Since the 
use of hydrogen gas is potentially dangerous (e.g., 
an explosion could occur) in the operation of an 
epitaxial growth apparatus, it is preferable to avoid 
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the use of hydrogen gas. 

To avoid the high temperature annealing treat- 
ment, it has been proposed that SiH 2 F 2 gas be 
added in the hydrogen gas to generate SiF radicals 

5 therefrom at a low temperature of 100 to 300* C, as 
these radicals accelerate the removal of the natural 
oxide layer. Furthermore, the addition of SiH 2 F 2 
gas to the gas raw material generates SiF radicals 
which prevent the formation of the oxide layer 

io during the epitaxial growth (cf. e.g., A. Yamada et 
at., Extended Abstracts of the 18th Conference on 
Solid State Devices and Materials, Tokyo, 1986, 
pp.217 - 220). SiH 2 F 2 gas, however, has a sponta- 
neous combustion property and is potentially more 

75 dangerous than hydrogen, and therefore, it is nec- 
essary to avoid the use of SiH 2 F 2 gas. 



SUMMARY OF THE INVENTION 

20 

An object of the present invention is to further 
reduce the epitaxial growth temperature in the 
photo CVD process, and the cleaning temperature 
for the substrate surface, by using a safe gas 

25 instead of the hydrogen gas and SiH 2 F 2 gas. 

Another object of the present invention is to 
provide an improved process of epitaxially growing 
a semiconductor (Si. Ge or SiGe) single crystal 
layer (thin film) by a photo CVD process at a 

30 temperature lower than used in a conventional 
photo CVD process. 

Still another object of the present invention is 
to provide an apparatus for carrying out the im- 
proved epitaxial growth process. 

35 The above-mentioned and other objects of the 

present invention are attained by providing a pro- 
cess of epitaxially growing a semiconductor single 
crystal layer on a semiconductor single crystal 
substrate, comprising the steps of: allowing a raw 

40 material (hydride) gas for said layer and a fluoride 
gas of at least one element selected from the 
group consisting of the semiconductor element of 
said layer and a dopant for said layer to simulta- 
neously flow over said substrate; and applying an 

45 ultraviolet light to said substrate to decompose said 
gases by an ultraviolet light excitation reaction to 
deposit said layer on the surface of said substrate 
heated at a temperature of from 250 to 400* C. 
The semiconductor single crystal layer to be 

so epitaxially grown is of Si, Ge or SiGe and is depos- 
ited on a semiconductor single crystal substrate of 
Si or Ge. 

Preferably the raw material hydride gas for the 
grown layer is of silicon hydride [Si n H 2n+2 (n = 2, 
3, 4)] for the Si layer or is of germanium hydride 

2 
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[Ge n H 2n -2 (n = 1. 2, 3)] for the Ge layer. It is 
possible to use a gas mixture of the silicon hydride 
gas and the germanium hydride gas as the raw 
material hydride gas for the SiGe layer. 

It is preferable to use at least one fluoride gas 
of silicon fluoride (and/or germanium fluoride), bo- 
ron fluoride, arsenic fluoride, and phosphorus flu- 
oride. Note, where the Si epitaxial layer is grown, 
the germanium fluoride gas should not be used, 
and where the Ge epitaxial layer is grown, the 
silicon fluoride gas should not be used. 

When the ultraviolet light irradiates the silicon 
hydride gas (and/or germanium hydride gas), the 
gas is decomposed to deposit Si (and/or Ge) on 
the Si or Ge substrate, with the result that the Si 
(and/or Ge) layer is epitaxially grown. When the 
ultraviolet light irradiates the fluoride gas of Si, Ge, 
B t As and/or P, the gas is decomposed to generate 
fluoride radicals of SiF, GeF, BF, AsF and/or PF 
which remove oxide to the inclusion of the oxide in 
the growing layer during the epitaxial growth pe- 
riod. This oxide is usually generated by a reaction 
with oxygen remaining within a reactor and is dif- 
fused through walls of the reactor and other parts 
of the apparatus. Furthermore, the fluoride radicals 
can be decomposed to generate elements of Si, 
Ge, B, As and P. The elements of Si and Ge 
contribute to the growth of the epitaxial layer, and 
the elements of B, As and P are contained in the 
epitaxial layer and serve as dopants for determin- 
ing the conductivity type. 

The addition of the fluoride gas in the raw 
material gas in the photo CVD process for epitaxial 
growth enables the epitaxial temperature to be 
made lower than that used in a conventional photo 
CVD process. 

Prior to the above-mentioned epitaxial growth 
of the Si, Ge or SiGe layer, the surface of the 
semiconductor single crystal substrate should be 
cleaned, i.e., a natural oxide layer formed on the 
substrate surface should be removed (etched out) 
by allowing the above-mentioned fluoride gas to 
flow over the substrate kept at a temperature of 
from a room temperature to 500* C and by irradiat- 
ing the ultraviolet light onto the fluoride gas to 
decompose the gas by to a photoexitation. Namely, 
the decomposition of the fluoride gas generates the 
fluoride radicals which remove (etch) the natural 
oxide layer. The silicon fluoride (SiF, Si 2 F6) gas, 
germanium fluoride (GeFu) gas, boron fluoride BF 3 ) 
gas, arsenic fluoride (AsF 3 . AsF 5 ) gas, and phos- 
phorus fluoride (PF 3 , PF 5 ) gas used instead of the 
SiH 2 F 2 gas are incombustible, and thus are safer 
than the SiH 2 F 2 gas. The germanium fluoride gas 
should not b used, prior to the epitaxial growth of 
the Si layer, and the silicon fluoride gas should not 
be used prior to the epitaxial growth of the Ge 
layer. 



Preferably, the ultraviolet light has a 
wavelength of from 250 to 150 nm, suitable for 
photoexciting the above-mentioned gases, and is 
irradiated by a laser or a high pressure mercury 
s lamp. 

According to the present invention, the fluoride 
radicals such as SiF radicals are utilized in the 
epitaxial growth and the cleaning of the substrate 
surface. If the radical generation is interrupted, 
w between the cleaning step and the epitaxial growth 
step, a natural oxide layer may be formed on the 
substrate to prevent the epitaxial growth. Therefore, 
in practice, such an interruption must be avoided 
by continuously feeding the fluoride gas and by 
rs adding the raw material hydride gas to the flowing 
fluoride gas during the epitaxial growth period. 
Since, however, the gas flow rate is usually con- 
trolled by a mass flow controller, several seconds 
must pass before reaching a preset value of the 
20 flow rate, from the start of the flow of the raw 
material hydride gas. Taking this time-lag into con- 
sideration, the raw material hydride gas is fed at a 
flow rate larger than the preset value for several 
seconds from the start of the flow, and as a result, 
25 the deposition rate of the semiconductor single 
crystal layer may be temporarily increased: in the 
worst case, the epitaxial growth may be hampered. 

Another object of the present invention is to 
provide an epitaxial growth apparatus by which a 
30 procedure from the substrate surface cleaning to 
the photo CVD epitaxial growth is stably carried out 
without difficulty. 

The above-mentioned object is attained by pro- 
viding an apparatus for epitaxially growing a semi- 
35 conductor single crystal layer on a semiconductor 
single crystal substrate.comprising a reactor having 
a susceptor for said substrate and a window allow- 
ing a passage of ultraviolet light; an ultraviolet light 
source; a first inlet pipe for feeding a fluoride gas, 
40 which pipe is provided with a spray end portion 
thereof located above and close to the substrate; a 
second inlet pipe for feeding a raw material gas for 
the layer, which pipe is branched into a first branch 
pipe having a first valve and joined to said first inlet 
4$ pipe, and a second branch pipe having a second 
valve and introduced into a region within the reac- 
tor not irradiated with the ultraviolet light. 

In the apparatus, the spray end portion for 
feeding the gases used for the cleaning and the 
50 epitaxial growth is placed above and close to the 
substrate, to generate a slight pressure difference 
between that in the vicinity of the substrate and 
other regions within the reactor chamber. 

During the cleaning and epitaxial growth pro- 
65 cesses, the raw material gas is first fed into the not 
irradiated region to adjust and stabilize the flow 
rate thereof, and is then fed to the close vicinity of 
the substrate together with the fluoride gas, by 
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closing the second valve and simultaneously open- 
ing the first valve, whereby a stable photo CVD 
epitaxial growth is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more appar- 
ent from the description of the preferred embodi- 
ments set forth below with reference to the accom- 
panying drawings, in which: 

Fig. 1 is a schematic view of an epitaxial 
growth apparatus in a photo CVD system according 
to the present invention; 

Fig. 2 is a schematic sectional view of a 
hetero-junction bipolar transistor; and 

Fig. 3 is a schematic sectional view of an- 
other bipolar transistor 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to Fig. 1, an epitaxial growth appara- 
tus having an improved pipeline system is used for 
epitaxially growing (depositing, forming) a semicon- 
ductor single crystalline layer on an semiconductor 
single crystal substrate by utilizing a photoexcita- 
tion reaction caused by an ultraviolet irradiation in 
accordance with the present invention. 

The apparatus comprises a vacuum reactor 
chamber 2 with a transparent window 1 allowing a 
passage of ultraviolet light 12, and an ultraviolet 
light generator 3 (e.g., ArF excimer laser, a light 
pressure mercury lamp or the like). The reactor 
chamber 2 is communicated to a vacuum exhaust 
system (e.g., vacuum pump) 4 and is provided with 
an X-Y stage 5, a heating susceptor 6, and a pipe 
guide 7 for the ultraviolet light within the chamber 
2. Gas inlet pipes 8 and 9 for feeding an inert gas 
(e.g., nitrogen (N 2 ) gas) are fixed to the reactor 
chamber 2, A first inlet pipe 22 for feeding a 
fluoride gas (e.g., Si 2 F 6 , GeF, BF or the like) and 
having a mass flow controller 23 is set such that a 
spray end portion 24 thereof is located above and 
close to a semiconductor substrate (wafer) 11 set 
on the susceptor 6. The spray end portion 24 is 
provided with spraying pores distributed in a space 
corresponding to the size of the substrate 11 and 
arranged at a position at which it will not obstruct 
the ultraviolet irradiation. A second inlet pipe 15 for 
feeding a material hydride gas (e.g., Si 2 He , GeH) 
is provided with a mass flow controller 16 and is 
branched, downstream of the controller 16, in a first 
branch pipe 17 with a first valve 19 and a second 
branch pipe 18 with a second valve 20. The first 
branch pipe 17 is joined to the first inlet pipe 22, to 
spray th hydride gas together with the fluoride 



gas through the spray end portion 24. The end 
portion of the second branch pipe 18 is open in a 
region within the reactor chamber 2 not irradiated 
with the ultraviolet light, to provide a bypass feed 
5 of the hydride gas into the reactor chamber 2. 



Example 1 

to According to the process of the present inven- 

tion, a Si single crystalline layer is formed on a Si 
single crystalline substrate 1 1 in the following man- 
ner. 

First the Si substrate 11 is placed on the 
is heating susceptor 6, the reactor chamber 2 is then 
exhausted by the vacuum exhaust system 4 to 
generate a vacuum and pressure of approximately 
1 x 1 0"* 6 Torr, and nitrogen {N2) gas having a flow 
rate of 10 SCCM is continuously introduced into 
20 the reaction chamber 2 through the pipes 8 and 9 
to form an inert gas atmosphere having a pressure 
of 4 Torr. 

The Si substrate 11 is heated and kept at a 
temperature of 400 *C and silicon fluoride (Si 2 F 5 ) 

25 gas is continuously fed at a flow rate of 1 5 SCCM 
through the first inlet pipe 22 and the spray end 
portion 24. Under the above-mentioned conditions, 
an ArF excimer laser device 4 as the ultraviolet 
light generator irradiates a laser ray (wavelength: 

30 193 nm) 12 over the whole surface of the Si 
substrate 11 through a transparent window 1. The 
laser irradiation is performed for 10 minutes to etch 
(remove) a natural oxide layer formed on the Si* 
substrate surface by a reduction of SiF radicals 

35 generated from the Si2F6 gas, whereby the surface 
of the Si substrate 1 1 is cleaned. 

Just before the end of the surface cleaning 
process, Si2H 6 gas as a raw material gas is passed 
into a not irradiated region within the reactor cham- 

40 ber 2 through the second branch pipe 18 from the 
second inlet pipe 15. by opening the second valve 
20, at a flow rate of 0.2 SCCM. At this time, since 
the S<2Fb gas flows out of the spray end portion 24, 
the introduced Si2Hs gas does not flow on the Si 

45 substrate 11. When the flow rate of the Si2He gas 
becomes stable, the second valve 20 is closed, 
and simultaneously the first valve 19 is opened, to 
feed the Si2He gas into the first inlet pipe 22 to 
flow together with the Si2F6 gas onto the Si sub- 
so strate 11. When the Si2H 6 gas is irradiated with the 
ArF excimer laser ray 12 and decomposed by 
photo excitation, Si is deposited on the cleaned 
surface of th St substrate to epitaxially grow a Si 
single crystal layer thereon. This epitaxial growth of 

ss Si after the cleaning forms an Si layer having a 
thickness of approximately 0.4 urn, in 10 minutes. 
The single crystallizability of the formed Si layer is 
confirmed by an electron channeling pattern (ECP) 
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technique. During the epitaxial growth, it is possible 
to prevent an inclusion of oxide contaminants 
(particles) generated by a reaction of Si with oxy- 
gen diffused out of the walls of the reactor cham- 
ber 2 in the growing Si layer, by both the reduction 
effect of SiF radicals and the direct reduction effect 
of ultraviolet irradiation on the oxide particles. The 
SiF radicals are generated not only directly by a 
photo-decomposition of the ultraviolet light of Si 2 F& 
gas but also indirectly by the effect of other radi- 
cals generated by the photo-decomposition of 
Si2H s gas. 



Example 2 

tn the formation process of the Si layer of the 
above-mentioned Example 1. a Ge single crystal 
substrate is used instead of the Si single crystal 
substrate. Namely, the cleaning process and the 
epitaxial growth process are performed under the 
same conditions as Example 1, but the semicon- 
ductor materia! of the substrate is different. As a 
result, an Si single crystal layer is obtained 
(epitaxially grown). 



Example 3 

In the formation process of the St layer of the 
above-mentioned Example 1, a mixture of Si 2 Hs 
gas (50 vol%) and Si 3 H 8 gas (50 vol%) is used 
instead of Si 2 H 6 gas only, as the raw material gas. 
In this case, the Si single crystal layer is also 
obtained (epitaxially grown) on the Si substrate. 



Example 4 

In the formation process of the Si layer of 
Example 1, a boron fluoride (BF 2 ) gas is used 
instead of the Si 2 F6 gas. In this case, the Si single 
crystal layer is obtained (epitaxially grown) on the 
Si substrate and contains a boron dopant therein, 
and thus has a p-type conductivity. 



Comparative Example A 

An Si layer is formed on a Si single crystal 
substrate under the same conditions as those of 
the above-mentioned Example 1 except that the 
cleaning process is omitted. In this case, the Si 
substrate is heated at 400* C and the Si 2 F 6 gas (15 
SCCM) and Si 2 H G gas (0.2 SCCM) are simulta- 
neously fed through the spray end portion 24. 
Thereafter, the ArF excimer laser ray 12 is irradi- 
ated to deposit Si and to form a Si layer on the Si 



substrate 1 1 . When the formed Si layer was exam- 
ined by the EPC technique, it was confirmed that 
the Si layer was not a single crystal layer. 

5 

Example 5 

According to the process of the present inven- 
tion, a Ge single crystal layer is formed on a Si 

10 single crystal substrate by using the apparatus 
shown in Fig. 1, in the following manner. 

First, the Si substrate 11 is placed on the 
heating susceptor 6, then reactor chamber 2 is the 
exhausted to reach a pressure of approximately 1 x 

rs 10 6 Torr, and N 2 gas is continuously fed at a flow 
rate of 10 SCCM into the reaction chamber 2 to 
form an inert gas atmosphere at a pressure of 4 
Torr. The Si substrate 11 is heated and held at a 
temperature of 250 - 400 *C, and germanium flu- 

20 oride (GeF*) gas is continuously fed at a flow rate 
of 5 SCCM through the spray end portion 24. The 
ArF laser ray 12 is incident on the Si substrate 11 
through the window 1 to remove a natural oxide 
layer from the Si substrate surface, for 60 minutes. 

25 Next, GeH4 gas (0.1 SCCM) is first fed into a 

not irradiated region in the reaction chamber 2 
through the second branch pipe 18, and then fed 
into the first inlet pipe 2 to flow GeH* gas and 
GeF* gas over the Si substrate 11 through the 

30 spray end portion 24 by controlling the first and 
second valves 19 and 20, as explained in Example 
1. As a result, GeH4 gas is photo-excited to be 
compressed, and thus Ge is deposited on the 
cleaned Si substrate surface to epitaxially grow a 

35 Ge single crystal layer having a thickness of ap- 
proximately 10 nm, in 10 minutes. The single 
crystallinity of the formed Ge layer is conformed by 
the ECP technique. 

AO 

Example 6 - 

In the formation process of Ge layer of the 
above-mentioned Example 5, a Ge single crystal- 
45 line substrate is used instead of the Si substrate. In 
this case, the Ge single crystal layer is also ob- 
tained (epitaxially grown). 



50 Comparative Example B 

A Ge layer is formed on the Si substrate under 
the same conditions as those of Example 4. except 
that the cleaning process is omitted. In this case, 
ss the Si substrate is heated at 250 - 400* C, and the 
GeFi gas (5 SCCM) and GeH* gas (0.1 SCCM) are 
simultaneously fed through the spray end portion 
24. Thereafter, the ArF excimer laser ray 12 is 
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irradiated to deposit Ge and form the Ge layer on 
the Si substrate 1 1 . When the formed Ge layer was 
examined by the EPC technique, it was confirmed 
that the Ge layer was not a single crystalline layer. 



Example 7 

According to the process of the present inven- 
tion, an SiGe single crystal layer is formed on an Si 
single crystal substrate by using the above-men- 
tioned epitaxial growth apparatus, in the following 
manner. 

The Si substrate 11 is placed on the heating 
susceptor 6, the reactor chamber 2 is then ex- 
hausted, and N2 gas is continuously fed at a flow 
rate of 10 SCCM into the reactor chamber 2 to 
form an inert atmosphere at a pressure of 4 Torr, 
The Si substrate 11 is heated and held at 250 - 
400° C and a mixed fluoride gas (5 SCCM) of Si 2 F 6 
gas (50 vol%) and GeF4 gas (50 vol%) is continu- 
ously fed through the spray end portion 24. A high 
pressure mercury lamp {'suitable?) 3 irradiates an 
ultraviolet light 12 on the Si substrate 11 through 
the window 1 to remove a natural oxide layer from 
the Si substrate surface, for 60 minutes. 

Next, a mixed hydride gas (5 SCCM) of Si 2 H 6 
gas (50 vol%) and Gem gas (50 vol%) is fed into a 
not irradiated region through the second branch 
pipe 18 and then fed into the first inlet pipe 22 to 
pass the mixed gas of the above-mentioned four 
gases over the Si substrate 11 through the spray 
end portion 24 by controlling the valves 19 and 20, 
as explained in Example 1 . As a result, the hydride 
gases are photoexcited to be decomposed, where- 
by Si and Ge are deposited on the clean Si sub- 
strate surface to epitaxially grow the SiGe single 
crystal layer having a thickness of approximately 
10 nm, in 10 minutes. The formed SiGe layer is 
confirmed by the EPC technique to be a single 
crystal. 



Comparative Example C 

A SiGe layer is formed on the Si substrate 
under the same conditions as those of Example 7 
except that the cleaning process is omitted. The 
formed SiGe layer is examined by the ECP tech- 
nique to confirm that the SiGe layer is not a single 
crystal layer. 

As mentioned above, the cleaning process of 
the substrate surface and the epitaxial growth pro- 
cess of the Si, Ge or SiGe layer are performed at a 
temperature lower than in a conventional case, by 
using a specific fluoride gas and hydride gas with- 
out hydrogen gas and utilizing ultraviolet irradiation 
to cause a photoexcitation of the gases. 



The semiconductor single crystal layer epitax- 
ially grown in accordance with the process of the 
present invention can be used in semiconductor 
devices, e.g., bipolar transistors, as shown in Figs. 

5 2 and 3. 

In Fig. 2, a hetero-junction bipolar transistor 
(HBT) comprises an Si single crystal collector sub- 
strate 26, an SiGe single crystal base layer 27, and 
a Si single crystal emitter layer 28. The SiGe layer 

10 27 is epitaxially grown on the Si substrate 26 in a 
similar manner to that of Example 7, according to 
the present invention. The Si layer 28 is also epi- 
taxially grown on the SiGe layer 27, by stopping 
the feeding of the germanium fluoride gas and 

is germanium hydride gas and by continuously feed- 
ing the silicon fluoride gas and silicon hydride gas 
under the ultraviolet light irradiation. After the for- 
mation of the Si layer 28, the Si layer 28 and the 
SiGe layer 27 are selectively etched to form a 

20 mesa portion of the St layer 28 and a portion of the 
SiGe layer 27, as shown in Fig. 2. Then suitable 
insulating layers and electrodes are formed in a 
conventional manner. 

In Fig. 3, a bipolar transistor comprises an n- 

25 type Si single crystal collector substrate 31, a p- 
type Si single crystal base layer 32A, and an n- 
type impurity doped emitter region 33. The Si 
substrate 31 is selectively and thermally oxidized 
to form a field oxide (Si02) layer 34. Then the Si 

30 layer 32A is epitaxially grown on the Si substrate 
31 in a similar manner to that of Example 1 accord- 
ing to the present invention. In this case, a boron 
fluoride (BF 2 ) gas is added to the Si2Fg gas for p- 
type doping, and at the same time, a Si polycrystal 

35 layer 32B is formed on the oxide layer 34. The Si 
polycrystalline layer 32B is patterned by a conven- 
tional sective etching process to form a conductive 
line for a base electrode. An insulating layer 35 is 
formed over the whole surface and selectively 

40 etched to open an emitter contact hole, and As (or 
P) ions are doped In the Si layer 32A through the 
emitter contact hole by an ion-implantation process 
to form the n-type emitter region 33. The insulating 
layer 35 is selectively etched to open a base 

45 contact hole. Then a metal (Al-Si-Cu alloy) is 
formed over the whole surface and is patterned to 
form an emitter electrode 36, a base electrode 37, 
and a collector electrode indicated by a symbol 
"C". 

so It will be obvious that the present invention is 

not restricted to the above-mentioned embodi- 
ments and that many variations are possible for 
persons skilled in the art without departing from the 
scope of the invention. 

55 

Claims 
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1. A process of epitaxially growing a semicon- 
ductor single crystal layer on a semiconductor sin- 
gle crystal substrate, comprising the steps of: al- 
lowing a gas comprising the raw material for the 
layer and a fluoride gas to flow simultaneously over 5 
the substrate; and decomposing the gases by ul- 
traviolet light excitation, to deposit the layer on the 
surface of the substrate. 

2. A process according to claim 1 , wherein the 
substrate is heated at 250 to 400 " C. w 

3. A process according to claim 1 or claim 2, 
wherein the substrate is silicon or germanium. 

4. A process according to any preceding claim, 
wherein the layer is silicon, germanium or silicon- 
germanium. 75 

5. A process according to claim 4, wherein the 
raw material gas is a silicon hydride of the formula 
si n l-W2 (n = 2, 3, 4) or a germanium hydride of 
the formula Ge m H 2m *2 (m = 1.2, 3), or a mixture 
thereof. 20 

6. A process according to claim 4 or claim 5, 
wherein the fluoride gas is silicon fluoride (if the 
layer comprises silicon), germanium fluoride (if the 
layer comprises germanium), boron fluoride, ar- 
senic fluoride and phosphorus fluoride. 25 

7. A process according to any preceding claim, 
comprising the further steps, prior to the deposition 
of the layer, of cleaning the substrate surface by 
allowing the fluoride gas to flow over the substrate, 

and applying ultraviolet light to decompose the 30 
fluoride gas. 

8. A process according to claim 7, wherein the 
substrate is maintained at ambient temperature to 
500* C. 

9. A process according to any preceding claim, as 
wherein the ultraviolet light has a wavelength of 
from 250 to 150 nm. 

10. A process according to claim 9, wherein 
the ultraviolet light is irradiated from a laser or from 

a high-pressure mercury lamp. *o 

11. Apparatus for epitaxially growing a semi- 
conductor single crystal layer on a semiconductor 
single crystal substrate, comprising: 

a reactor having a susceptor for said substrate and 

a window allowing passage of ultraviolet light; 46 

an ultraviolet light source; 

a first inlet pipe for feeding a fluoride gas, which 
pipe is provided with a spray end portion thereof 
located above and close to the substrate; and 
a second inlet pipe for feeding a gas comprising so 
the raw material for the layer, which branches into 
a first branch pipe having a first valve and joined to 
the first inlet pipe, and a second branch pipe 
having a second valv and leading into a region 
within the reactor not irradiatable with the ultraviolet 55 
light. 
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(V) fluoride gas to flow over the substrate having a 

<{ temperature of from a room temperature to 500* C, 
and by irradiating an ultraviolet light to the substrate 

ijjto remove a natural oxide layer from the substrate 

<© surface, 
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